Anucystis niduluns (Synechococcus PCC 6301) is an obligate phototrophic cyanobacterium. When light-grown cultures of Anucystis are transferred to the dark, the on going cell cycles are aborted. To characterize the fates of cell cycle events in the dark, synchronized cultures of A . nidulans, taken at various phases of growth, were placed in the dark and the macromolecular contents and cell numbers were determined. Cell number did not increase in any culture in the dark. Protein and RNA contents remained the same. However, cultures in the last hour of their respective synthesis periods showed detectable increases in protein and RNA contents. In cultures in the early stages of DNA synthesis, no sustained increase in DNA was observed, indicating that DNA replication was not completed in the dark by these cultures. However, incorporation of 32P in the DNA fraction in the dark suggested that DNA replication was completed for cultures in the last stages of DNA synthesis. These results suggest that macromolecular synthesis and cell septum formation were curtailed (with the exceptions indicated above) and further progress in the cell cycle stopped in the dark.
I N T R O D U C T I O N
When a light-grown exponential culture of Anacystis nidulans is placed in the dark for 12-24 h, the culture is synchronized upon re-exposure to the light (Asato & Folsome, 1970) . During the first 8 h after the dark to light shift, protein, RNA and DNA synthesis are sequentially initiated followed by cell septum formation, which is usually completed after 8 h (Asato, 1983) . Subsequent cell cycles manifest the same sequences of cell events (Asato, 1979) . Synchronized DNA synthesis within the synchronized cell cycle has been demonstrated in A . nidulans by others (Herdman et al., 1970; Herdman & Carr, 1971 ; Delaney & Carr, 1975 ; Gleason & Ooka, 1978; Bagi et al., 1979) . Phospholipid (Asato, 1979) and cell wall synthesis (Asato, 1984) and peak rates of O2 evolution (Csatorday & Horvath, 1977 ) also occur at specific times within the cell cycle. It was concluded that the periods of macromolecular synthesis are major events in the cell developmental cycle of A . nidulans and that these events are co-ordinately regulated (Asato, 1983) .
A possible mechanism of induction of synchronized growth by dark incubation was suggested by Asato (1983) . Dark incubation does not simply arrest the cell cycle but causes the ongoing cell cycle to abort. When dark-incubated cultures of A . nidulans are returned to light growth conditions, new cell cycles are reinitiated, as indicated by the sequential appearance of macromolecular synthesis. If the macromolecular synthesis periods (including cell wall and cell septum formation) are the major cell cycle events in A. nidulans, the stoppage of the cell cycle could be described in terms of the fates of these cell cycle events in the dark. Presently, there is conflicting evidence with regard to the extent of macromolecular metabolism in the dark in A . nidulans. No significant increase in the macromolecular contents and a reduced level of incorporation of radioactive precursors into protein, RNA, DNA and phospholipid fractions occur in the dark (Hayashi et al., 1969; Asato & Folsome, 1970) . Limited synthesis of protein and significant amounts of novel RNA species also occur . When cultures of A . nidulans (Gottingen strain) were first exposed to low light intensity and then to total darkness, RNA synthesis decreased during the low light but increased rapidly in the dark to the level before the shift in growth conditions; DNA increased at a low rate during the low light and dark conditions (Lorenzen & Kaushik, 1976 nidulans in the dark in a C02-free environment. In the reports mentioned above, metabolism of macromolecules was determined in exponential cultures placed in the dark. When synchronized cultures that had synthesized 50% of DNA in the light were subjected to C0,-free dark incubation conditions, the cells completed DNA replication but did not divide (Herdman & Carr, 1971) . These conflicting results could be attributed to the differences in the growth conditions or in the strains used. Because of the apparent differences in the extent of macromolecular metabolism in the dark by A . nidulans, we investigated the patterns of macromolecular contents and cell septum formation in synchronized cultures both in the light and after transfer to the dark. Measurement of macromolecular contents in the dark. Synchronized cultures were placed in the dark at specified times after induction. At designated time intervals two samples (20ml) were removed and cell number and contents of protein, RNA and DNA were determined. Incorporation of 32P in the D N A fraction was determined as described by Asato (1979) .
METHODS
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RESULTS
Macromolecular synthesis in synchronized growth
The characteristics of synchronized growth were essentially the same as reported by Asato (1979) except that macromolecular synthesis periods were determined during the third cell division period (Fig. 1) . Although synchronized growth of A . nidulans is characterized as partial synchrony, the pattern of cell division and macromolecular synthesis periods did not deteriorate significantly during the period from 14 to 22 h after the dark to light shift. In fact, synchronized cell division was observed up to the ninth cell division period when the proper dilutions were made to maintain the cell density of 1-4 x lo7 cells ml-I (unpublished results). Apparently, the pattern of synchronized growth could be sustained because of the presumed co-ordinated regulation of the cell cycle events (Asato, 1983) .
Fates of macromolecular metabolism and cell septum formation during the dark incubation period
To characterize the fates of cell cycle events in the dark, samples of synchronized cultures from the mid-point of the second to the mid-point of the third cell division periods were analysed (Fig. 1) . Cultures obtained during this cell growth cycle (hours 14-22) should be free of any effects of prior dark incubation. Cell septum formation is usually the last known event of the cell cycle. The 14 and 22 h samples contained the maximum distribution of cells that were involved in the process of cell septum formation. No significant increases in cell number were detectable in the dark for these samples, indicating that cell septum formation does not continue to completion. Cultures sampled during the periods of protein and RNA synthesis (up to the third hour of their respective synthesis periods) showed no detectable increase or decrease in protein or RNA content. However, cultures at the last stages of protein and RNA synthesis did show detectable increases (although not clearly evident in Fig. 1 ) of approximately 3.9% in protein content and 10% in RNA content. Although the amounts of protein and RNA detected were near or within the experimental errors of the method used, this pattern was observed in repeated experiments. The fate of replicating DNA during the dark incubation period cannot easily be interpreted. Cultures at the initial stages of DNA replication showed an initial increase followed by a plateau, a decrease and eventually a levelling of DNA content during the remaining portion of the incubation period. The increase calculated in terms of DNA content per cell was up to 10% while a decrease of as much as 15 % of the DNA content per cell was detectable. The pattern of DNA measurements could be the result of experimental errors since increases or decreases in the DNA content measured were near the percentage error of 8.8% associated with the method utilized. Nevertheless, the pattern of DNA content shown in Fig. l(d, e andf) was observed in repeated experiments and may not, therefore, be the result of fortuitous alignment of experimental errors. In preliminary experiments, a synchronized culture in the DNA synthesis period was labelled with 32P for 1 h and then placed in the dark for 12 h. After the dark incubation period, decreases of radioactive labels in the DNA fractions of as much as 15% were observed for cultures in the first 3 h of the DNA synthesis period (Fig. 2) . These results are consistent with the decrease in DNA content found in the present study although further experiments verifying and extending these results must be done in order to describe, without ambiguity, the fate of DNA replication in the dark. Nevertheless, cells in the early stages of DNA replication showed no evidence of completing DNA replication in the dark. Although samples taken after 3 h of DNA replication did not show any detectable change in DNA content during the dark incubation period (Fig. l) , the radioactive labelling study indicated that cells in the late stages of DNA replication could complete the replication in the dark (Fig. 2) .
Cell cycle events in the dark in Anacystis
DISCUSSION
Dark incubation causes the ongoing cell cycle of A. niduZam to abort (Asato, 1983) and, as a consequence, the demands for energy, reducing substances and precursors of macromolecules would be sharply decreased. In this background of reduced metabolic activities, metabolism of macromolecules should also be decreased. Indeed, protein and RNA content did not increase significantly in the dark although detectable increases were observed in the last stages of the protein and RNA synthesis periods. Septum formation is the last of the major cell cycle events, and was neither continued nor completed in the dark. The replicating DNA appeared to follow the same fate in the dark. If DNA replication did not continue to completion in the dark, it should be resumed in the light and the amount of DNA synthesized should be equivalent to that required to complete DNA replication. Such cultures, however, showed a doubling of the DNA content at the end of the DNA synthesis period, indicating that DNA replication was reinitiated from the origin of DNA replication (Asato, 1983) . Moreover, DNA synthesis is preceded by protein and RNA synthesis and is followed by cell septum formation, which suggested that a new cell cycle was initiated in the light. If this interpretation is correct, the fate of the partially replicated DNA must be accounted for. One could theorize that it is removed by known enzymes present in the cells, resulting in the formation of a forkless circular genome.
A different pattern of DNA replication and cell growth in A. nidulans was reported by Herdman & Can-(1971) during light and dark growth. When synchronized cultures that were in the mid-DNA synthesis period were placed in the dark, DNA synthesis was completed but the cells did not divide. Upon return to the light, the cells underwent one synchronized cell division (without DNA replication) but thereafter grew exponentially at a very low rate. It should be noted that there are significant differences in the growth conditions and the method of induction of the synchronized cultures. We are not able to explain at present the factors responsible for the differences in DNA replication in the dark observed by Herdman & Carr (1971) and by ourselves.
